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Eobania vermiculataAbstract The methomyl lannate is a carbamate pesticide, which is widely used and has known
toxic effects on non-target organisms including land snails. This research investigated the acute
and sublethal effects of lannate on land snail Eobania vermiculata. LD50 value (102.32 lg snail
1)
of lannate was determined 48 h following topical application. Some biomarkers such as acetyl-
cholinesterase (AChE), aspartate transaminase (AST), alanine transaminase (ALT), alkaline phos-
phatase (ALP) and lactate dehydrogenase (LDH) as well as micronuclei (MN) and bi-nucleated
cells (BN) were detected following 14-d topical exposure to sublethal doses 5.53, 21.32 and
53.30 lg snail1. The results showed that AChE inhibition in the cerebral ganglia was higher than
that in the foot muscle. With the exception of ALP, a signiﬁcant induction in hemolymph enzymes
was detected in the snails exposed to 21.32 and 53.30 lg snail1. Also, the results showed that (MN)
frequencies of lannate treated snails were 3-, 4- and 6-fold that of the control in the snail exposed
to 5.53, 21.32 and 53.30 lg snail1, respectively. The observed changes in these biomarkers may
provide useful information regarding environmental conditions and risk assessments of terrestrial
organisms.
 2016 The Egyptian German Society for Zoology. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Mollusca is the largest and most varied phylum of animals
next to Arthropoda forming a major part of the world fauna.
Land snails are serious pests attacking the vegetation including
vegetables, horticultural plants and ﬁeld crops in most area of
Egypt. Among the most serious land snails, the brown garden
snail, Eobania vermiculata, belongs to family Helicidae and is
distributed worldwide especially in the Mediterranean area
(El-Okda, 1983; Radwan et al., 2008). This snail has a destructiveeffect to citrus species and also feed on the foliage of many
gardens and ornamental plants. It is commonly used as a test
organism in ecotoxicity studies because it is relatively easy to
adapt and maintain in the laboratory conditions, and its phys-
iology is well known (Yousef, 2011). The physiological condi-
tion of treated land snails has been assessed previously by
biochemical, histological and histopathological appearance of
their hepatopancreases (digestive glands) (Hamed et al., 2007).
The chemical control of pest snail communities through the
application of pesticides is still the most effective approach,
particularly over large area. However, the presence of agro-
chemicals in high concentrations in soil may induce mortality
in non-target species like vertebrate animals and human beings
and lead to pollution of environment. Animals in which the
2 A.M. Khalilconcentration did not lead to death after the given incubation
time of exposure still may be adversely affected. Thus, applica-
tion with lower concentrations in snail control is expected to
avoid such a hazard. Conventional pesticides especially carba-
mates are widely and successfully used in Egypt as well as in
many other countries, as sprays or baits to control pests
(Miller et al., 1988; Heiba et al., 2002). Methomyl is a
monomethylcarbamate insecticide used for pest control on a
number of food crops, cotton and tobacco in many parts of
the world (Kidd and James, 1991).
Acetylcholinesterase activity is conventionally used as a
biomarker of the exposure to various classes of pollutants,
such as organophosphate and carbamate pesticides (Grue
et al., 1997). Low concentrations of the insecticides can inhibit
AChE, and thus provoke excess acetylcholine accumulation at
synapses and neuromuscular junctions (Varo et al., 2008;
Laguerre et al., 2009; Xuereb et al., 2009; Rakhi et al.,
2013). The hepatopancreas is the key organ of metabolism
and it provides the functions which in mammals are provided
separately by the liver and pancreas, including the production
of digestive enzymes, and absorption of digested food, absorp-
tion of nutrients, endocytosis of food substances, food storage
and extraction (Wang et al., 2014). Toxicants are transported
by hemocytes to the hepatopancreas using different routes.
The damage of liver, the metabolic center for detoxiﬁcation
of chemicals, is conﬁrmed by alterations in the activities of
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), lactate dehydrogenase (LDH) and alkaline phos-
phatase (ALP). The activities of such markers were determined
to indicate the metabolic changes under the effect of stress.
Changes in the levels of these enzymes in serum are actually
to be the most relevant signal of liver toxicity.
One of the most important impacts of insecticide’s action
seems to be the ability to cause DNA damage. Fundamental
progress has been made in the last decades to evaluate the
impact of physical and chemical genotoxins in aquatic and ter-
restrial ecosystems (Jha, 2004; Vasseur and Bonnard, 2014).
The development of new methods and the application of bioas-
says which are more sensitive in the detection of genotoxicity
for various xenobiotics in terrestrial biota have been the main
determinants for attaining these advances (Song et al., 2012;
Dobrzyn´ska et al., 2014). As a consequence of DNA structural
changes, various chromosomal aberrations can occur. More-
over, the clastogenic impact of environmental contaminants,
aneugenic effects (numerical alterations in chromosomes sets
of organisms) can exist (De Flora et al., 1994).
Consequently, the effects caused by the environmental pol-
lutants are most frequently displayed ﬁrst on the molecular
level, and as a consequence of such troubles various cytologi-
cal, morphological, physiological and other changes can hap-
pen. The genotoxicity of methomyl commercial formulations
has been described in some reports (Blevins et al., 1977; Sun
et al., 2010) but unfortunately the results from these studies
are not conclusive.
The micronucleus test is one of the most common and
promising approaches in environmental genotoxicity studies;
it has served as an index of cytogenetic damage for over
30 years (Barsˇien _e et al., 2008). The assay is now recognized
as one of the most successful and reliable assays for genotoxic
carcinogens, i.e., carcinogens that act by causing genetic dam-
age. Ostling and Johanson (1984) introduced microgel elec-
trophoresis as an original technique to measure DNAsingle-strand breaks that caused the relaxation of DNA super-
coils. This method was modiﬁed by Singh et al. (1988).
Another modiﬁcation of the original method of Ostling
and Johanson was introduced and named ‘‘comet assay” after
the appearance of the DNA from an individual cell (Olive,
1989).
On reviewing literature conducted on land snails of Egypt,
as far as can be ascertained, most studies were focused on
detecting acute toxicity of the pesticides but the physiological
alterations of their sublethal concentrations were neglected.
So, considering the paucity of information and the lack of
reports about the biotoxic effects of methomyl, the present
study aimed to investigate whether lannate causes AChE inhi-
bition, alterations in serum enzyme (AST, ALT, ALP and
LDH) activity and DNA damage (MN and BN frequency)
in E. vermiculata, topically exposed to different concentrations
of the insecticide for 4 and 14 d (acute and sublethal treat-
ments, respectively).Materials and methods
Chemicals
The commercial formulation of methomyl (S-methyl
N-(methylcarbamoyloxy) thioacetimidate; CAS 16752-77-5),
Lannate 90% active ingredient water soluble powder (SP),
was obtained from Du Pont, USA. All other chemicals and
reagents used in this study were of highest purity and pur-
chased from Al Gomhoria Pharm. Ind., Cairo, Egypt.
Snails collection and maintenance
A homogeneous population of E. vermiculata was collected
from untreated ornamental plant nursery located in the vicin-
ity of Belbeis city (30 250 N, 31 340 E), Sharkia Governorate,
Egypt in the summer of 2014. The collection was always made
manually. The collected snails (24.5 ± 0.46 mm in shell length
and 2.74 ± 0.22 g in body weight) were transferred in plastic
bags to the laboratory and maintained under laboratory con-
ditions in plastic boxes (40  30  10 cm) with 3 cm layer of
moistened soil at the bottom. They were identiﬁed according
to the key given by Godan (1983). The animals were fed with
lettuce leaves ad libitum and the food was renewed on alternate
days. The snails were acclimatized for ten days to the labora-
tory conditions (22 ± 2 C and a light:dark photoperiod of
12:12 h) before the beginning of experiments.
Acute toxicity assay
The experiments were carried out in 1000 ml plastic boxes con-
taining 3 cm layer of moister soil at the bottom under the same
conditions as previously mentioned in the acclimatization per-
iod. Preliminary experiments were carried out to establish the
effective range of the tested chemicals. The median dose (48-h
LD50) of lannate against E. vermiculata snails was evaluated in
six test systems spiked with different doses of lannate using
the contact toxicity test (topical application method) as
described by Al-Sarar et al. (2012). The deﬁnite tested concen-
trations of lannate were 1, 5, 10, 15, and 20 mg mL1. The cor-
responding dose for each concentration was 25, 125, 250, 375
E. vermiculata treated with lannate 3and 500 lg snail1. The tested doses were carefully injected once
on the surface of the snail body inside the shell with the aid of an
Eppendorf micropipette containing 25 lL. For each treatment,
30 snails were used and kept in three plastic boxes (10 animals
for each). Snails did not receive food during the experiment.
Boxes were covered with cloth netting secured with rubber
bands to prevent snails from escaping. Fewmillimeters of water
were added daily into each box to provide suitable humidity for
snail activity. Snails used as control were treated with distilled
water. Mortality percentages were recorded 48 h after starting
the experiment. The criteria of death were no soft parts with-
drawal inside the shell and no reaction to gentle prodding.
Sublethal toxicity assay
The snails were divided into four groups with 45 animals per
group (each box contained 15 snails). Group I: animals of this
group received no treatment and were considered as controls.
Group II: animals of this group received a single dose of 25 lL
(5.33 lg snail1) of lannate (the lowest observed adverse effect
level, LOAEL). Group III: snails of this group received a single
dose of 25 lL (21.32 lg snail1) of lannate (4-fold higher than
LOAEL: 20% of the 48-h LD50). Group IV: snails of this
group received a single dose of 25 lL (53.30 lg snail1) of lan-
nate (10-fold higher than LOAEL: 50% of the 48-h LD50).
The experiment continued for 2 weeks. Sublethal doses were
topically applied by injection inside the shell cavity.
Hemocytes collection and tissue preparation
Hemolymph samples from survived snails were collected
according to the method of Itziou and Dimitriadis (2011). A
small portion of the snail’s shell situated above the heart was
removed and hemolymph of six animals from each experimen-
tal group was collected from snail heart cavity with a sterilized
syringe, pooled and placed in plastic tubes. Hemolymph was
centrifuged for 20 min at 3000g at 4 C, and hemocytes were
then resuspended in physiologic saline buffer (Itziou and
Dimitriadis, 2011) and used in micronucleus test assay. Then,
shells of the above mentioned snails of each experimental
group were totally removed to have access to the internal
organs. Hepatopancreas and head–foot region from six ran-
domly chosen snails (2 snails from each box) were excised with
sharp scissors and the ganglia of the buccal mass were dis-
sected and removed under binocular microscope. Ganglia
and foot muscles were pooled and homogenized in 10 V (w/
v) of 0.1 M phosphate buffer (pH 7.4). The homogenates were
then centrifuged at 4000g for 30 min. Hepatopancreatic tissue
aliquots were minced into small pieces and transferred to a
ﬂask containing 15 ml dissociating solutions (0.01% collage-
nase type CLS IV, 175 U mg1) in CMFS, followed by gentle
stirring for 60 min at 15 C and the ﬁltrated through 250 mm –
then 60 mm diameter nylon ﬁlters.
Enzymatic measurements
Acetylcholinesterase (AChE: EC: 3.1.1.7) activity was mea-
sured in cerebral ganglia and hemolymph using 5,50-dithio
bis-2-nitrobenzoic acid (DTNB) and acetylthiocholine iodide
as substrate according to Ellman et al. (1961). AChE activity
was expressed as nmol mg1 protein min1. The determinationof enzyme activities of aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), alkaline phosphatase (ALP) and
lactate dehydrogenase (LDH) were assessed with commercially
available diagnostic kits supplied by Spectrum Diagnosis,
Egypt. Enzyme activity was expressed in International Units
per liter (1 U L1).
Total protein measurement
Total protein of hemolymph and the supernatant of muscle tis-
sue and ganglia were determined according to the method of
Bradford (1976) using bovine serum albumin as standard.
Brieﬂy, Bradford reagent was diluted 5-fold in distilled water
(1 part Bradford: 4 parts distilled water), ﬁltered through
Whatman 540 paper and stored at 4 C. 10–20 lL of protein
extract were added to 1 ml of diluted reagent and mixed.
The formed blue color was measured at 595 nm.
Nuclear abnormalities assay
The micronucleus test was performed with snail hemocytes
according to the methodology of Hooftman and de Raat
(1982) and the analysis of hemocyte nuclear abnormalities
according to Carrasco et al. (1990). Immediately after sam-
pling, hemolymph was smeared on clean glass slides, dried
overnight, ﬁxed with methanol for 10 min and stained with
Gimesa (5%). A total 3000 hemocytes per snail were examined
under an optical microscope (1000 magniﬁcation). The mean
frequencies of micronucleus (MN) and binucleated cells (BN)
found in each experimental group were calculated and
expressed per 1000 cells (‰).
Statistical analysis
Results were expressed as mean ± S.D. Different parameters
were monitored in normal and exposed organisms. Prior to
the analysis, the normality assumption of the data and homo-
geneity of variance among the different groups were tested and
data were found to hold the above two assumptions. The level
of statistical signiﬁcance was set as p< 0.05. The analysis of
variance one-way ANOVA, followed by Bonferroni’s post
hoc test was carried out to ﬁnd the signiﬁcant difference in
means considering each end point as dependent variable and
concentration as independent variable. Data were analyzed
using the SPSS statistical software (ver. 21, SPSS Inc., Chi-
cago, IL).Results
Toxicity tests
The percentage mortality of exposed E. vermiculata in each
concentration group became progressively higher as the con-
centration of exposure increased (Table 1). Lannate killed
16.63%, 47.77% and 92.22% of snails exposed to 25, 125
and 500 lg snail1, respectively. Probit analysis of the results
indicates that the estimated 48-h LD50 value was
102.32 lg snail1. For all acute and sublethal toxicities, no
mortality was observed among snails of the control groups
during the experiments.
Table 1 Mortality values and toxicity parameters of lannate
after application to Eobania vermiculata for 48 h.
Conc. (mg L1) Average percent mortality ± SD
0 –
25 16.63 ± 6.65
125 47.77 ± 6.93
250 72.22 ± 6.94
375 82.22 ± 1.92
500 92.22 ± 8.39
Correlation coeﬃcient (R2) 0.967
LD50 (mg L
1) 102.32 (97.11107.53)*
Regression equation Y= 1.7667x+ 1.4353
Average based on three replicates ±SD, two animals each.
*95% lower and upper ﬁducial limits are shown in parenthesis. Figure 2 Hemolymph enzyme (AST, ALT, ALP and LDH)
activity in E. vermiculata exposed to sublethal doses of lannate or
only water (control). Bars represent means and vertical lines the
SD (n= 6). Different letters indicate statistically signiﬁcant
differences (p< 0.05).
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AChE activity in the cerebral ganglia and foot muscle of unex-
posed E. vermiculata snails was nearly similar. AChE activity
in cerebral ganglia of snails exposed to sublethal doses of lan-
nate signiﬁcantly (p< 0.05) decreased in relation to control.
In cerebral ganglia, AChE inhibition rate values were
55.74%, 81.85% and 72.11% of control in snails treated with
5.33, 21.32 and 53.30 lg snail1, respectively for 14 d. The cor-
responding values as percent of the control for foot muscle
were 28.94, 42.39 and 54.00 (Fig. 1).
Hemolymph biochemical parameters
Fig. 2 illustrates the levels of hemolymph enzymes of E. ver-
miculata treated with sublethal doses of lannate. When the
snails were exposed to sublethal doses of lannate, there was
a signiﬁcation (p< 0.05) induction in the activity of AST,
ALT and LDH. On the contrary, signiﬁcant differences were
detected in the activity of ALP. No signiﬁcant difference was
observed between AST activity of the snail exposed to
5.53 lg snail1 and that of the control. The AST inductionFigure 1 AChE activity in brain and muscle tissues of E.
vermiculata exposed to sublethal doses of lannate or only water
(control). Bars represent means and vertical lines the SD (n= 6).
*Signiﬁcantly different from respective control. Different letters
indicate statistically signiﬁcant differences (p< 0.05).were 226% and 264% of the control in snails treated with
21.32 and 53.30 lg snail1, respectively. ALT activity signiﬁ-
cantly increased in snails treated with all tested sublethal doses
compared to the control. The increase in activity was in a dose-
dependent manner. The ALP activity was inhibited in the
hemolymph at all tested sublethal doses and the inhibition
was not dose-dependent. Snails submitted to sublethal doses
lannate also showed a signiﬁcant increase in LDH activity
compared to the control. Although there were some statistical
differences between groups, they followed no obvious trend
and a dose-dependent alteration was not detected. At the
end of 14 d there was a signiﬁcant (p< 0.05) decrease in
hemolymph total protein for the three treated groups com-
pared to the control (Fig. 3).
MN and BN formation frequency
The results of MN and BN assay are displayed in Fig. 4. The
MN frequency of lannate-treated snails appeared to increase inFigure 3 Total protein in fresh tissue of E. vermiculata exposed
to sublethal doses of lannate or only water (control). Bars
represent means and vertical lines the SD (n= 6). *Signiﬁcantly
different from respective control. Different letters indicate statis-
tically signiﬁcant differences (p< 0.05).
E. vermiculata treated with lannate 5a dose-dependent manner. Furthermore, the MN frequencies
of all lannate treatment groups increased continuously until
the termination of the experiment. The MN formation fre-
quencies were  3-, 4- and 6-fold that of the control in the snail
exposed to 5.53, 21.32 and 53.30 lg snail1, respectively. BN
frequency in hemocytes of snails exposed to 5.53 lg snail1
did not show any signiﬁcant (p< 0.05) difference in compar-
ison to the control. BN frequencies signiﬁcantly (p< 0.05)
increased compared to the control in the hemocytes of snails
exposed to 21.32 and 53.30 lg snail1.
Discussion
The data of the present study clearly indicated that lannate, the
commercial formulation of methomyl, has lethal impact on the
land snail E. vermiculata. The 48-h LD50 of lannate for this
snail was 102.32 lg snail1, which is obviously lower than
the LD50 of pure methomyl for the land snail Helix aspersa
(240 lg snail1) (Salama et al., 2005). The obtained results
are in agreement with those reported by Heiba et al. (2002)
who found that the activity of methomyl against the tested
snail E. vermiculata and Monacha contiana, showed a dose-
dependent manner. Eshra (2014) showed that methomyl was
the most toxic compound when it was tested against Theba
pisana followed by copper hydroxide, but when tested against
E. vermiculata, copper hydroxide was more toxic than metho-
myl. Comparing the toxicity of lannate with that of methio-
carb, another carbamate insecticide widely used in Egypt,
Radwan et al. (2008) stated that lannate exhibited a greater
efﬁcacy than did methiocarb against E. vermiculata. Bonatti
et al. (1994) reported that the technical formulation of carba-
mate insecticide lannate 25 was more active than the pure com-
pound, when compared at analogous concentrations of active
principle. More than twenty years of ecotoxicological
researches on AChE have demonstrated that this enzyme is a
suitable biomarker in a wide range of aquatic and terrestrial
organisms, which exposed to various types of pollutants
including insecticides and it continues to be an important com-
ponent in the biomonitoring programs of insecticide contami-
nation. One of the overall aims of this work was to examine the
potential effects of lannate insecticide on acetylcholinesteraseFigure 4 Mean micronuclei and binucleated cell frequency in
control and treated groups of land snail E. vermiculata. Bars
represent means and vertical lines the SD (n= 6). *Signiﬁcantly
different from respective control. Different letters indicate statis-
tically signiﬁcant differences (p< 0.05).activity in land snail in order to have more information about
its neurotoxicity. The need to understand biomarker responses
in land snails has been stressed (El-Shenawy et al., 2012). Car-
bamates are agonist of nAChRs (Smulders et al., 2003) and do
not cause a direct inhibition of the AChE activity as shown for
other pesticides such as organophosphates and neonicotinoids.
In this study, the signiﬁcant decrease of AChE activity was
observed at sublethal concentrations as low as 5.53 lg snail1.
Lannate like some other pesticides may cause alterations in
the activities of AST, ALT, ALP and LDH (Celik et al., 2009).
Aminotransferases are very active in the liver and their activity
can be detected in small amounts. So they are the most useful
in monitoring people exposition to such pesticides (Lehninger
et al., 1992). In the present study, the signiﬁcant changes in
AST and ALT activities in the land snails pointed out to the
functional disorder of the liver (Choudhary et al., 2003;
Kalender et al., 2005; Kammon et al., 2010; Arfat et al.,
2014). However it is conceivable that lannate insecticide, as a
toxicological agent like other pesticides, might be interacting
primarily with the liver and muscle tissue cell membranes. This
results in structure damage and changes in enzyme leakage and
in metabolism of the constituents. So, lannate may pressurize
this enzyme into plasma as a result of enzyme leakage break-
down. It is known that these enzymes are principally localized
in the cytoplasm and they will be secreted into the blood after
hepatocellular injury, resulting in an increase in their levels in
the serum. Consequently, this study may suggest that any dam-
age in hepatopancreatic cells of land snails may result in alter-
ation in the serum (hemolymph) AST and ALT levels. ALP is
a hepatic microsomal enzyme, which is contributed in mem-
brane transport because of its action on a number of phospho-
monoesters of biochemical compounds such as glucose
(Edqvist et al., 1992). Decline in ALP activity could be attrib-
uted to the drop in glycogen biosynthesis caused by lowered
metabolic demands and electrolytic non-equilibrium due to tis-
sue overhydration (Shafﬁ, 1979). A decrease in ALP may
reﬂect a change in endoplasmic mass known to occur in the cell
membrane (Edqvist et al., 1992), since it also functions in the
conversion of energy compounds NADP to NAD (Morton,
1955). Therefore, decline ALP activity could result in biosyn-
thetic shifts and energy metabolism pathway of the exposed
organism (Ovuru and Mgbere, 2000). The results of the present
study were in agreement with the ﬁndings of Das and
Mukherjee (2003) and Gabriel et al. (2011) but differed with
those of Al-Attar (2005) and Samanta et al. (2014).
During stress, organisms need more energy to detoxify, bio-
transform and excrete the toxicants with the view of minimiz-
ing the toxic effects. This is achieved by the use of
carbohydrate, the principal and immediate energy source
(Umminger, 1977). The results of the present study suggest
that the exposure to sublethal doses of lannate may inﬂuence
total protein metabolism. The depletion of protein fraction
in snails may be due to the degradation of carbohydrate. Such
cases are indicative of disorders in protein synthesis and meta-
bolism. The results were in agreement with the ﬁndings of
Kumar et al. (2011) and Banaee et al. (2014).
The micronucleus test detects chromosomal fragments or
acentric chromosomes that are not incorporated into the main
nucleus after mitosis. Thus, for the detection of MN it is nec-
essary that actively dividing cell populations undergo at least
one cell cycle (Udroiu, 2006). The spontaneous MN frequency
in hemocytes measured in this study is comparable to the level
6 A.M. Khalilreported by Vincent-Hubert et al. (2011) in the same cell type.
This phenomenon of relatively high control levels has also
been demonstrated by other invertebrate studies using differ-
ent break detection techniques (Steinert, 1996). In gastropods,
besides the presence of micronuclei, there are various types of
nuclear abnormalities in hemocytes. Such abnormalities have
been used by many authors as indicators of mollusk cell dys-
function. The occurrence of binucleated cells is the result of
the inhibition of cytokinesis. Binucleated cells with a low inci-
dence in E. vermiculata during laboratory exposure are congru-
ent with the ﬁndings of Venier and Zampieron (2005).
Conclusion
The results of the present study indicate that methomyl lannate
caused acute toxicity with snail mortality being the most sensi-
tive endpoint. Moreover, this study shows the importance of
measuring a battery of enzyme biomarkers such as AChE,
AST, ALT and ALP in different tissues to assess accurately
the effect of lannate in non-target species as land snails. E. ver-
miculata AChE activity is dose-dependently inhibited by the
carbamate lannate. With the exception of ALP, a signiﬁcant
induction in hemolymph enzymes was detected in the snails
exposed to the tested sublethal doses. The results of the present
study indicate that MN and BN assay is a reliable indicator of
the presence and effects of genotoxic materials. The utility of
micronuclei as essential biomarker of genotoxic events induced
by contaminants now becomes a critical issue while assessing
the impact of environmental pollution.
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